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Learning Outcomes

At the end of this lecture, students should be able to:
• become familiar with coupling, cohesion, and connascence
• understand how specification, restructuring, and optimization of object designs 

work
• identify the reuse of predefined classes, libraries, frameworks, and components
• specify constraints and contracts
• understand the process of creating a method specifications
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Design Criteria

Design criteria involve a set of metrics that exist to evaluate the design of an OO 
system.

Criteria:
• coupling: the degree of closeness of the relationship between classes
• cohesion: the degree to which attributes and methods of a class support a single 

object
• connascence: the degree of interdependency between objects
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Coupling

Coupling is the degree of closeness of the relationship between classes. Close 
coupling means that changes in one part of the design may require changes in 
another part.

Types of coupling:
• interaction coupling – measured through message passing

• minimized by restricting messages (Law of Demeter)

• inheritance coupling – deals with the inheritance hierarchy of classes
• minimized by using inheritance to support only generalization/specialization and the 

principle of substitutability
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Law of Demeter

Essentially, the law minimizes the number of objects that can receive messages 
from a given object.

Law states that an object should send messages to only one of the following:
• to itself
• to objects contained in attributes of itself or a superclass
• to an object that is passed as a parameter to the method
• to an object that is created by the method
• to an object that is stored in a global variable
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Reference: Karl J. Lieberherr and Ian M. Holland, "Assuring Good Style for Object-Oriented Programs," IEEE Software 6, no. 5 (September, 1989): 38–48; Karl J. 
Lieberherr, Adaptive Object-Oriented Software: The Demeter Method with Propagation Patterns (Boston, MA: PWS Publishing, 1996).



Types of Interaction Coupling

6



Cohesion

Cohesion is the degree to which attributes and methods of a class support a single 
object. A cohesive class, object or method refers to a single thing.

Types of cohesion:
• method cohesion

• tests if a method performs more than one operation
• performing more than one operation is more difficult to understand and implement

• class cohesion
• tests if the attributes and methods represent a single object
• classes should not mix class roles, domains or objects

• generalization/specialization cohesion
• classes in a hierarchy should show "a-kind-of" relationship, not associations or aggregations
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Cohesion

Glenford Meyers suggested that a cohesive class should have these attributes:
• It should contain multiple methods that are visible outside the class (i.e., a single-

method class rarely makes sense)
• Each visible method performs only a single function
• All methods reference only attributes or other methods defined within the class 

or one of its superclasses (i.e., if a method is going to send a message to another 
object, the remote object must be the value of one of the local object's 
attributes)
• It should not have any control couplings between its visible methods
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Adapted the informational-strength module criteria from structured design to object-oriented design. [See Glenford J. Myers, Composite/Structured Design (New 
York, NY: Van Nostrand Reinhold, 1978).]



Types of Method Cohesion
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Types of Method Cohesion
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Connascence

Connascence is the degree of interdependency between objects. Classes are so 
interdependent that a change in one necessitates a change in the other.

Good programming practice should:
• Minimize overall connascence; however, when combined with encapsulation 

boundaries, one should
• Minimize across encapsulation boundaries (less interdependence between or among classes)
• Maximize within encapsulation boundary (greater interdependence within a class) 

• A subclass should never directly access any hidden attribute or method of a 
superclass
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Types of Connascence
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Object Design Activities

The design activities for classes and objects are considered an extension of analysis 
and evolution activities.
• involves expanding the descriptions of partitions, layers and classes by:

• adding specifications to the current model
• identifying opportunities to reuse classes that already exist
• restructuring the design
• optimizing the design
• mapping the problem domain classes into a programming language
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OBJECT DESIGN ACTIVITIES

Adding Specifications
• review the current set of analysis models

• all classes included are both sufficient and necessary to solve the problem
• no missing attributes or methods
• no extra or unused attributes or methods
• no missing or extra classes

• examine the visibility of classes
• private: not visible
• public: visible to other classes
• protected: visible only to members of the same superclass
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OBJECT DESIGN ACTIVITIES

Adding Specifications
• decide on method signatures

• name of the method
• parameters or arguments to pass
• types of value(s) to be returned

• define constraints that must be preserved by the objects
• preconditions, post-conditions and invariants
• decide how to handle constraint violations
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OBJECT DESIGN ACTIVITIES

Identify Opportunities for Reuse
Apart from using patterns to employ reuse of classes in structural models (see 
Lecture 7), there are opportunities for utilizing
• design patterns: groupings of classes that help solve "a general design problem in 

a particular context"
• framework: a set of implemented classes that form the basis of an application
• class libraries: also a set of implemented classes, but more general in nature than 

a framework
• frameworks are more domain specific and can be built from class libraries

• components: self-contained classes used as plugins to provide specific 
functionalities
• have a well-defined application programming interface (API)
• API: a set of method interfaces to the objects contained in the component
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OBJECT DESIGN ACTIVITIES

Identify Opportunities for Reuse
Choice of approaches depends on the layer being built. In general,
• frameworks are used mostly in developing objects on the physical architecture, 

human-computer interaction, or data management layers
• components are used primarily to simplify the development of objects on the 

problem-domain and human-computer interaction layers
• class libraries are used to develop frameworks and components to support the 

foundation layer
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OBJECT DESIGN ACTIVITIES

Restructure the Design
• Factoring: process of separating aspects of a method or class into a new method 

or class to simplify the design
• e.g., factor out similarities between classes and create a new class to be used as a superclass

• Normalization: aids in identifying missing classes from the design

Assure all inheritance relationships support only generalization/specialization 
semantics to avoid problems pertaining to inheritance coupling, class cohesion, and 
generalization/specialization cohesion.
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OBJECT DESIGN ACTIVITIES

Optimizing the Design
Balance understandability with efficiency
• previous steps have primary focus on understandability
• however, increasing understandability of a design typically creates an inefficient 

design
• conversely, focusing on efficiency issues will deliver a design that is more difficult 

to understand

A good practical design manages the inevitable trade-offs that must occur.
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OBJECT DESIGN ACTIVITIES

Optimizing the Design
Methods to optimize design:
• review access paths between objects
• review all attributes of each class
• review direct (number of messages sent by a method) and indirect fan-out 

(number of messages by methods that are induced by other methods)
• consider execution order of statements in often-used methods
• avoid re-computation by creating derived attributes and triggers
• consider combining classes that form a one-to-one association
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OBJECT DESIGN ACTIVITIES

Mapping Problem-Domain Classes
• factor out multiple inheritance if using a language that supports only single 

inheritance
• factor out all inheritance if the language does not support inheritance
• avoid implementing an object-oriented design in non-object languages
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Constraints and Contracts

A contract is a set of constraints and guarantees.
• If the requestor (client) meets the constraints, the responder (server) will 

guarantee certain behavior.
• Constraints must therefore be unambiguous

• Contracts document message passing between objects
• A contract is created for each visible method in a class
• Should contain enough information for the programmer to understand what the 

method is supposed to do
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Constraints and Contracts

Constraint types:
• precondition: must be true before

the method executes
• post-condition: must be true after

the method finishes
• invariant: must always be true for all 

instances of a class
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Method Specification

After communicating how the system needs to be put together, analysts need to 
describe the individual classes and methods in enough detail so that programmers 
can take over and begin writing code. 
Methods on CRC cards, class diagram, and contracts are described using method 
specifications.
• written documents that include explicit instructions on how to write the code to 

implement the method
• typically, specifications for each method are written by project team members 

before being passed to programmers who write the code during project 
implementation
• specifications need to be very clear and easy to understand, or programmers will 

be slowed down trying to decipher vague or incomplete instructions
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Method Specification

No formal standards exist for method specification, but should include the 
following information:
• general information (e.g., method name, class name, etc.)
• events – anything that triggers a method (e.g., mouse click)
• message passing including values passed into a method and those returned from 

the method
• algorithm specifications
• other applicable information (e.g., calculations, procedure calls)
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Summary

This lecture has covered the following:
• Design Criteria
• Object Design Activities
• Constraints and Contracts
• Method Specification
• Verifying and Validating Class and Method Design
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